Control of calcium entry in human fibroblasts by frequency-dependent electrical stimulation.
Modulation of intracellular calcium ion concentration ((Ca2+)i) could be used to control cellular and molecular responses that are important in cell and tissue engineering. Electrical stimulation (ES) has been used to activate plasma membrane ion channels including Ca2+channels, and to induce changes in (Ca2+)i. Strong direct current (dc) ES depolarizes the membrane electrical potential (MEP) and, thereby, causes rapid increases in (Ca2+)i. Electrocoupling mechanisms that could control (Ca2+)i increases induced by modes of ES other than dc have not been elucidated, however. Here we report that 30 min of continuous exposure to a 1 or 10 Hz, 2 V/cm ES induces an (Ca2+)i increase by approximately 6-fold (baseline 25 nM) in human fibroblasts in culture. In contrast, a 100 Hz, 2 V/cm ES causes no significant (Ca2+)i increase. Either depletion of Ca2+from the extracellular medium or incubation of cells with verapamil inhibits the (Ca2+)i increase, indicating that Ca2+ influx through verapamil-sensitive Ca2+channels is required for the (Ca2+)i increase induced by oscillatory ES. More intense ES by a 1 Hz or a dc 10 V/cm electric field causes a rapid 20 to 25-fold (Ca2+)i increase. We hypothesize that selective, partial activation of Ca2+channels is likely to mediate Ca2+influx. These results suggest that optimal ES could be used to control Ca2+entry and, thereby, regulate cellular calcium homeostasis without adversely affecting cell viability.